The task of spacecraft (SC) orientation control with the use of electromagnetic systems interacting with the Earth's magnetic field has been considered. The mathematical model of the dynamics of spacecraft angular motion intended to gain insight into the capabilities of the spacecraft orientation and stabilization system is presented. Method for definition of control law for spacecraft system of orientation and stabilization (SOS) providing the asymptotic stability of the system is proposed.
Introduction
Small spacecraft (SSC) orientation control electromagnetic systems creating an external driving mechanical moment are widely used due to a number of advantages over the systems based on other physical principles. Electromagnetic actuators (EMA), for example, do not spend the working bodies as the jet systems. As the result, their operating life does not put restrictions on the duration of SC existence. They are not inferior in terms of reliability and service life of the gravi-tational systems [2] , but surpass in effectiveness performance of such systems. In addition, they are well gone with flywheels or power gyroscopes in combined systems of orientation and stabilization.
Application of EMA in SOS is primarily due to the fact that such system operates in a magnetic force field, when the field is the factor allowing to control the spacecraft groups [5] . Magnetic actuators (three coils in orthogonal planes) are used to control the orientation in space regardless of the position in the orbit. Electromagnetic actuators with three current coils (СC), in which the produced magnetic moment is collinear with the SSC principal axes of inertia, have traditionally used in systems of orientation and stabilization of space vehicles.
Electromagnetic systems besides attitude control are used to remove the initial rotation during separation from the vehicle, for the primary orientation and re-orientation in space (sessions of observation, communication, orbit correction) and for damp the vibrations.
The paper presents a mathematical model of the angular motion of the spacecraft and considers the logic of building the spacecraft attitude control law. The algorithm that provides stability of SC orientation is formed with the use of asymptotic methods [1, 3, 4] .
A mathematical model of the spacecraft angular motion dynamics
In order to obtain analytical relations for the control law implemented in spacecraft SOS it is necessary to analyze the impact of generated control on the dynamics of the system with the use of motion mathematical model obtained by applying the laws of angular momentum (the dynamic equation) change and kinematic equations.
Orthogonal coordinate system is introduced to describe the dynamics of the spacecraft angular motion [1] .
OXOYOZO -orbital coordinate system (OX axis lies in the orbit plane and orthogonally directed to the satellite radius vector R aside its movement, OZ axis is directed along the radius vector, OY axis complets the system to the right one).
OXBYBZB -magnetic coordinate system (OXB axis directed along the vector of magnetic induction B, OZB axis is orthogonal to OXB axis and to the normal of the orbit plane n, OYB axis complets the system to the right one).
Oxyz -body axes coordinate system (its axis coincide with the main central axes of inertia of the satellite).
The direction cosine matrices determine changing from one coordinate system to another.
The position of the magnetic coordinate system relative to the orbital coordinate system is defined by the inclination of the satellite orbit to the equatorial plane i and argument of latitude u: 
where ω J K   -the angular momentum of the spacecraft, J -the inertia tensor of spacecraft, ω -absolute angular velocity of the satellite in the body axes coordinate system, M -moments acting on the spacecraft.
The equations of satellite motion in the body axes coordinate system:
where Jx, Jy, Jz -moments of inertia of the satellite relative to the main central axis, Mx, My, Mz, -momentum projection on the axis of the body axes coordinate system, x, y, z -the projection of the absolute angular velocity vector of the satellite on the axis of the body axes coordinate system. where Rp -radius of the planet, Bm -the magnetic induction of the planet magnetic field with R= Rp, L -the module of the magnetic moment of the current coil, i, u -inclination of the orbit and the argument of latitude in the magnetic coordinate system, ex, ey, ez -unitary vector L in the projections on the axes of the body axes system, bx, by, bz -unitary vector B in the projections on the axes of the body axes system. Equation (1) is completed by the kinematic equation:
where A -direction cosines matrix of body axes coordinate system relative to the orbital coordinate system, 
with w = w tran +w rel = Aw 0 +w rel ,
where ω0 -the angular velocity of the orbital coordinate system, ωtran -the transfer velocity, ωrel -the angular velocity of body axes coordinate system relative to the orbital coordinate system. 
Formation of the spacecraft attitude control law
The operating principle of magnetic systems with electromagnetic executive bodies based on the formation of the magnetic moment L, whose interaction with the Earth's magnetic field creates an external control moment Mу
where B -vector of geomagnetic induction. Control action Му is determined by the second method of Lyapunov [4, 5] , which allows to obtain the asymptotic stability conditions in a certain area or as a whole. Lyapunov second method consists in forming of special auxiliary scalar function called the Lyapunov function V, study of its properties as well as properties of its first derivative V  .
Let us define the expression for the control moment Му, which provide the combination of body axes coordinate system with a reference coordinate system.
Here, the control moment Му should create a final state where ωrel=0 and A=I -identity matrix. These requirements are equivalent not only to the fulfilment of terms υ = ψ = γ = 0, but also ensure their asymptotic stability.
Because as the control objective the asymptotically stable fulfilment of the condition υ = ψ = γ = 0 is decided, then in order to achieve this goal take Lyapunov function in the following form:
where (w rel , Jw rel ) -scalar product of vectors, which is the physical equivalent of the work required to eliminate the rotation of body axes coordinate system relative to the reference coordinate system; aii , i =1,3 -diagonal elements of the matrix A; kS -the coefficient of proportionality. Function (9) complies with the requirements that are imposed on the Lyapunov function under the following conditions: V = 0 for ωrel = 0 and the identity matrix A; V> 0 for all other values of ωrel and A.
The first derivative of the Lyapunov function will have the following form:
.
(10) On the basis of the kinematic equations (4) we exclude from the right side of the expression (10) the time derivatives of elements of direction cosines matrix A.
Taking into account (1), (4) where kω -the coefficient of proportionality, which, as well as kS is a control parameter.
The analysis of the equation (13) shows that the expression for the control, which ensure the asymptotic stability of the equilibrium position of ωrel = 0 и А will have the following form:
Replacing control in (1) by the expression (14) we obtain: . (15) Adding the equation (15) by kinematic equations (7), we obtain a system of equations for controlled motion of a closed system, in which contour is SC. Control moment is determined from the equation (14) taking into account (1) (16) Considering that the maximum control moment is realized only by the component orthogonal to the local vector of geomagnetic induction we have
Place Му =kSS+kωω into (17):
Vector product for М (8) and L (17) gives:
From this expression it is clear that at the given vectors kSS+kωω and b the maximum moment M is realized when these vectors are orthogonal to each other.
The projections on the axes of the body axes coordinate system: Conditions (20) and (21) can be used to generate a control algorithm.
Formation of motion modes and development of control algorithms
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Comparison of the expressions (2), (20) and (21) shows that the projections ex, ey, ez of unit vector L in the body axes coordinate system are the projections of the vector composition S (Sx, Sy, Sz) and ωrel (ωrel.x, ωrel.y, ωrel.z) .
Taking into account (12) the control law (20) 
Sy
Sx k and kS parameters determine the natural frequency Ω and the damping factor ξ of a closed system [1] :
where J -spacecraft inertia moment. Fig. 1 and 2 show the results of numerical modeling of satellite motion with the magnetic orientation system during the motion on polar orbiting with the moment of inertia J = 45 Kgm 2 with the value of the magnetic moment L=1Am 2 . The change of the orientation angle α (Fig. 1a), β (Fig. 1b) and γ (Fig. 1c) and the non-dimensional angular velocity ωrel.x (Fig. 2a) , ωrel.y (Fig. 2b) and ωrel.z ( Fig. 2c 
Conclusion
The dynamics of spacecraft angular motion controlled by magnetic system of orientation is investigated by means of analytical and numerical methods. An approach to the formation of asymptotically stable control mode providing stabilization of the spacecraft is presented. Control algorithm that provides orientation of the spacecraft is under creation.
